Abstract. Microorganisms are continuously blown onto the glacier snow, and thus the glacial depth 10 profiles provide excellent geographic archives of the microbial communities. However, it is uncertain 11 about how the microbial communities respond to the climatic and environmental changes over the glacier 12 ice. In the present study, the live microbial density, stable isotopic ratios, 18 O/ 16 O in the precipitation, and 13 mineral particle concentrations along the glacial depth profiles were collected from ice cores from the 14 Muztagata glacier and the Dunde ice cap. Six bacterial 16S rRNA gene clone libraries were established 15 from the Dunde ice core. The Muztagata ice core presented seasonal response patterns for both live and 16 total cell density with high cell density occurring in the warming spring and summer. Both ice core data 17 showed a frequent association of dust and microorganisms in the ice. Genera Polaromas sp., Pedobacter 18 sp, Flavobacterium sp., Cryobacteriium sp., and Propionibacterium/Blastococcus sp. frequently appeared 19 at the six tested ice layers, and constituted the dominant species endemic to the Dunde ice cap, whereas 20 some genera such as Rhodoferax sp., Variovorax sp., Sphingobacterium. sp., Cyanobacterium sp., 21
(5′-AGAGTTTGATCATGGCTCAG) and 1492R (5′-CGGTTACCTTGTTACGACTT) (Lane 1991; 115 Weisenburg et al., 1991) . To avoid possible bias, the three PCR products were pooled and used to 116 establish clone library from each ice column. A total of 137 clones were selected for sequencing by 117
HaeIII-based ARDRA (amplified rRNA restriction analysis) out of the 406 clones from the Dunde ice core. 118
Each sequence was named using the initial of Dunde ice cap (DD1, noted for one out of the 5 ice cores 119 drilled in October 2002 , Wu et al., 2009 , along with the ice depth (D84, D107, D238, D324, D386, and 120 D466: 84, 107, 238, 324, 386 , and 466 cm below the snow surface) followed by the clone number (1 to 121 163). For example, clones DD1D84-9, DD1D107-55, and DD1D466-123 were the clone representatives of 122 the ice core DD1 at the depth 84, 107, and 466 cm below the snow surface. The accession numbers of the 123 cloned sequences obtained from the Dunde ice core in GenBank are: KU060881 -KU061017. 124
All 137 sequences from the Dunde ice cap were checked by DECIPHER (Wright et al., 2012, 125 sequence chemera check tool available: http://decipher.cee.wisc.edu/FindChimerasOutputs.html), and 126 aligned with the Blast references (Altschul et al., 1990 ) by using ClustalX (Thompson et al., 1997) . A 127
Neighbor-Joining phylogeny for the aligned sequences was constructed using MEGA 6.0 (Tamura et al., 128 2013: http://www.megasoftware.net/) pairwise deletion mode for gaps (with bootstrap analysis, 100 129 replicates) and subroutines Maximum Composite Likelihood (MCL) for substitutions. The archaeal 16S 130 rDNA sequences from Methanosaeta harundinacea strain 8Ac (accession no. AY817738) and 131
Methanosaeta concilii strain GP6 (accession no. NR102903) were used as outgroup references on all trees. 132
All the obtained sequences from the glaciers were identified by the recognized species, and related to the 133 ecological clusters (e.g., Variovorax sp. and Herbaspirillum sp. in the Betaproteobacteria subphyla). 134
Sequences obtained displaying similarities of >97% with known species were identified as the reported 135 species. Most of the obtained clones were related to known cultivated genera or genus clones (e.g., 136 Biogeosciences Discuss., doi:10.5194/bg-2015 Discuss., doi:10.5194/bg- -637, 2016 Manuscript under review for journal Biogeosciences Published: 18 January 2016 c Author(s) 2016. CC-BY 3.0 License. similarity with reported species, and thus were designated separately. 138
Results 139

Changes in physical-chemical and biological records in the Muztagata ice cores 140
There was a strong influence of aeolian activities on the physical and biological records along the ice 141 core extracted at 7010 m ASL of the Muztagata Glacier (Fig. 2 ). An apparent seasonal temperature change 142 was indicated by the proxy value of the stable isotopic ratios, 18 O/ 16 O (δ 18 O) with a low value in winter 143 and high value in summer (Fig. 2b ). The live cell density was greatly variable at a range from 6.5  10 2 to 144 2.1  10 4 cells/ml during 1964 to 2000 (Fig. 2a) , the total cell density varied from 4.4 10 4 to 8.7  10 5 145 cells/ml (Fig. 2c ). Several live cell density peaks were formed during the summer seasons in 1969, 1970, 146 1973, 1979, 1982, 1983, 1988, 1990 and 1993 for a total of 9 events, A1 to A9 (open triangles in Fig. 2a) , 147 respectively, while cell density peaks were found during the winter-spring (filled triangles in Fig. 2a ). This 148 ice core also had an increased density of the total microorganisms in summer in 1978, 1988 and 1993 149 (open triangles B1, B2, and B3 in Fig. 2c ), and in spring of 1995 and 2000 (B4 and B5 in Fig. 2c) , 150 respectively, which was consistent with the live cell density patterns (Fig. 2a) . The high microbial cell 151 density significantly correlated with the peaks of mineral particle concentrations and possessed a high R 2 152 value of 0.7 (Fig. 3) . Biogeosciences Discuss., doi:10.5194/bg-2015 Discuss., doi:10.5194/bg- -637, 2016 Manuscript under review for journal Biogeosciences Published: 18 January 2016 c Author(s) 2016. CC-BY 3.0 License.
It was not successful for the seasonal analysis of Dunde ice core because of the limitation of sample 158 resolution (Fig. 4) . Oxygen isotope ratios of the melt-water samples from the Dunde ice core showed a 159 temperature change from -10.78‰ to -8.24‰ (temperature proxy 18 O/ 16 O, Fig. 4d ), while microbial cell 160 density varied from 1.2 10 3 to 9.1  10 4 cells/ml (Fig. 4b ) and 1.3 10 5 to 1.9  10 6 cells/ml (Fig. 4c) for 161 live and total cell density, respectively. Three peaks C2, C3 and C4 of the total cell density were found in 162 1988 -1989 , 1992 , and 2000 , only one peak C1 in 1985 ). The live cell density 163 response pattern was consistent with the total cell density tendency (the dash lines in Figs. 4b and 4c) . 164
Abundance of microbial cells frequently occurred at the dirty ice layers (Cell density peaks C1, C3, and 165 C4 at the dust layers labeled as the dash lines in Fig. 4) , rarely presented at the clean ice layer (small 166 density peak C2 at the A1 layer in Fig. 4) . 167
Approximately here, Fig. 4 (Fig. 5c ). All tested bacterial clones in the ice fell into 181 members of bacteria phyla Alpha, Beta, Gamma, Actinobacteria, Bacteroidetes, 182 Firmicutes, Verrucomicrobia, and TM7 candidates. 183 Approximately here, 184 microorganisms from the western desert. These results suggest an aeolian driving effect on both dust and 222 microbial deposition in the ice. One small cell density peak C2 presented at the clean ice layer A1 in Fig.  223 4a. This indicates that microbial loading onto the glacier surface does not always associate with the dust 224 deposits or "dirty" wind, may transport with "clean" wind or snow, which implies influences of the 225 processes like aerosol, and snow deposition (microbial deposition with snow, wet-deposition), and 226 post-deposition and other factors. 227
Changes in glacial microbial density at variable temperatures 228
The present data sets from the Muztagata glacier revealed clear seasonal patterns with high microbial 229 cell density occurring in the warming spring (filled triangles in between microbial abundance and temperature was very evident in the Guoqu Glacier in the Geladaindong 239 mountain regions (Yao et al., 2008) . In addition to those cell density peaks in summer, there were many 240 density peaks in spring from 1963-2000 (filled triangles in Figs. 2a and 2c ). The growth of red 241
Chlamydomonas were also observed on the late spring snow (Thomas and Broady, 1997) . So, the yearly 242 discrete increasing pattern of microbial density presenting along the Dunde ice core profile could be 243
Biogeosciences Discuss., doi:10.5194/bg-2015 Discuss., doi:10.5194/bg- -637, 2016 Manuscript under review for journal Biogeosciences Published: 18 January 2016 c Author(s) 2016. CC-BY 3.0 License. attributed to microbial growth followed by the new snow cover during the spring-summer months. All 244 results suggest the fundamental contribution of dry-aeolian and wet-deposition (with snow) to the basic 245 population pool size of microorganisms, and the cascade effect of post-deposition of microorganisms by 246 microbial growth, enhanced metabolic activity and increased population density in spring and summer. 247
Temporal and spatial biogeography of microbial community in the glacier ice 248
Under the same project guideline for microorganisms in glacier ice and the relation to climatic and 249 environmental changes, microbiological data have been collected from the ice core depth profiles from the 250 geographically different glaciers in western China over the last decade. The same methodological system 251 has been used for the investigation on the labelled glaciers in Figure 1 , which makes it possible to explore 252 the geographical features of microorganisms in the glacier ice across western China. We here will initially 253 discuss the temporal and spatial biogeography of microbial community in western China. 254
Our previous sequence data showed a clear phylogenetic distance with only 87% similarity among the 255 bacteria Polaromonas sp. from the different geographically glaciers (An et al., 2010) 
, although 256
Polaromonas sp. were identified from all of the ice layers from the glaciers Dunde, and Muztagata, and 257
Kuytun 51, Qiangyong, and Puruogangri (An et al., 2010; Xiang et al., 2009a Xiang et al., , 2009b Xiang et al., , 2010 The changing composition of dominant groups endemic to the local glacier regions could be attributed 279 to the climatic and environmental differences in the different geographical glacier regions. As shown in 280 Figure 1 , the precipitations over the Muztagata glacier is mostly influenced by the westerly depressions, 281 while the precipitation over the Dunde ice cap and Puruogangri ice cap is mainly driven by the westerly 282 depressions in winter and Indian monsoon in summer (Wake et al., 1990; Davis et al., 2005; Dregne, 1968; 283 Murakami, 1987) . The dramatic change of climatic and environmental processes across the Tibetan 284
Plateau mountainous glaciers may lead to differences in the microbial communities uploaded onto the 285 snow. Moreover, the heterogeneity of local conditions such as temperature, light intensity, meltwater 286 availability and nutrient concentrations in the ice may drive the temporal and spatial patterning of 287 Polaromonas, Pedobacter sp., Flavobacterium sp., Propionibacterium/Blastococcus sp., and 298
Cryobacterium sp. frequently appeared at the six tested ice layers, constituting the dominant species 299 endemic to the Dunde ice cap, while Seven genus groups Polaromonas sp., Enterobacter sp., 300
Acinetobacter sp., Flexibacter sp., Thermus sp., Propionibacteria/Luteococcus sp., and Flavisolibacter sp. 301
were frequently found at the four tested ice depths of Muztagata glacier. This study presented a discrete 302 seasonal increase pattern of microbial cell density, and community transition of dominant endemic 303 bacterial community among the different geographically glaciers. This strengthens the importance of 304 post-deposition, and reinforces our hypothesis of dust-borne and post-deposition being the main agents 305 interactively controlling microbial load in the glacier ice. The tree was generated by the Neighbour-Joining method after sequence alignment, and rooted with two 424
Methanosaeta strains (accession no. AY817738 and NR102903). Bootstrap values (100 replications) were 425 specified for each Node. Cut-off value for the condensed tree was 55%. Numbers of the obtained snow-ice 426 clones (had the same ARDRA pattern to the sequenced representatives listed on the tree) and relative 427 sequence affiliations corresponding to GenBank accession number were provided in parentheses. The 428 sequences discussed in this study were noted bold. See a detailed description for the assigned sequence 429 references and numbers in materials and methods. 430 constructed by following the protocol as described in Fig. 5a . 433 Fig. 5c Phylogenetic analysis of the 16S rRNA genes for the Bacteroidetes and TM7 candidate clones 434 from the four geographically isolated glaciers and the closest relatives. The tree was constructed by 435 following the protocol as described in Fig. 5a . 436 Com. Pel.
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